A National Cancer Institute (NCI) clinical announcement recommended i.p. therapy for women with optimally debulked ovarian cancer. Its basis was a summary of eight randomised controlled trials and two systematic reviews, which appear to indicate benefit of i.p. therapy. However, the systematic reviews that inform the recommendations have been inappropriately presented and interpreted. The systematic reviews inappropriately pooled results from 'confounded' trials in which different drugs and different doses of drugs were given in the control and i.p. treatment arms. Therefore, it is not possible to assess which component of treatment is responsible for improving outcome. In addition, none of the trials use a control arm of the internationally accepted standard of care. Using just the unconfounded trials, indirect comparisons show that the magnitude of benefit observed when i.p. regimens are compared with older i.v. regimens [hazard ratio (HR) for overall survival (OS) 0.75; 95% confidence interval (CI) 0.60-0.92, P = 0.006] is smaller than the magnitude of benefit achieved with modern day standard of i.v. treatment compared with the same i.v. regimen used as control in the unconfounded i.p. trials (HR for OS 0.68; 95% CI 0.58-0.80, P < 0.001). A further difficulty is that the reviews cannot recommend an i.p. regimen for standard use. Drug-related toxicity and catheter complications that occur with i.p. therapy are considerable. The NCI recommendations have major implications for the treatment of women with ovarian cancer and for the next generation of clinical trials. We do not believe that the body of evidence currently available supports the recommendation that i.p. therapy should form part of routine care. The choice of treatment of women with newly diagnosed, optimally debulked, ovarian cancer, where therapy has the best chance of influencing OS, is too important to be left with this uncertainty. A clinical trial that investigates a practical and acceptable regimen which gives some or all chemotherapy by the i.p. route and compares this with standard i.v. chemotherapy should be a priority for those who wish to promote its use.
introduction
In January 2006, USA National Cancer Institute (NCI) issued a clinical announcement on the use of i.p. chemotherapy in the treatment of women with optimally debulked ovarian cancer [1] . The announcement was timed to coincide with the publication of a small but 'positive' randomised clinical trial assessing i.p. therapy [2] . Posted with the announcement was a review of the randomised trials of i.p. chemotherapy. Since 2006, there have been four further systematic reviews published which include an assessment of i.p. chemotherapy for the initial management of primary epithelial cancer [3] [4] [5] [6] . We have appraised the methods used in these reviews and highlighted the methodological flaws which affect their validity and conclusions.
background
Worldwide there are >200 000 cases of ovarian cancer per year, just under half of which are reported from developed countries [7] . In North America, there are 25 000 cases per year with 16 000 deaths making ovarian cancer the seventh most common cancer and the leading cause of death from gynaecological cancer [8] . Nearly 70% of women present with disease which has spread beyond the ovary. Primary treatment is surgery with the aim of removing as much of the tumour as possible, with better survival rates reported for women left with small amounts of disease after surgery (optimal debulking) [9] . While there have been considerable improvements in outcome for women with ovarian cancer following the introduction of platinum-based chemotherapy in the 1980s, further advances in the last decade have been modest and the mortality rate for the large majority of women who present with advanced stages of this disease remains high. The major trials of platinum-based chemotherapy published over the past 15 years report that the median progression-free survival (PFS) for patients with advanced disease ranges between 14 and 18 months while the median overall survival (OS) lies between 26 and 40 months [10] [11] [12] [13] . Two large trials (GOG111 [11] and OV10 [13] ) demonstrated superiority of paclitaxel (Taxol; Bristol Myers Squibb) and cisplatin (CP) over cyclophosphamide and CP on response rate, PFS and OS. Two subsequent large trials (du Bois et al. [14] and Ozols et al. [15] ) then showed no significant differences in efficacy between the combination of paclitaxel and CP compared with paclitaxel and carboplatin and also noted an advantage for the carboplatin combination in terms of administration, toxicity and quality of life. Data from all these trials set the standard for an internationally accepted reference arm of carboplatin and paclitaxel [16] . GOG182/ICON5 [17] , one of the most recently completed trials, confirms that after 25 years, i.v. platinum remains the mainstay of treatment.
Ovarian cancer spreads primarily via the i.p. route and therefore chemotherapy given via the i.p. route could offer advantages in terms of local dose intensity with higher concentrations of chemotherapy being delivered directly to the tumour. Supporting this theory are the observations that peritoneal/plasma concentration ratios give an 20-fold advantage for platinum drugs and a 1000-fold advantage for paclitaxel [18] [19] [20] [21] .
Intraperitoneal therapy has now been investigated in eight randomised clinical trials [2, [22] [23] [24] [25] [26] [27] [28] published over a 20-year period from 1986 to 2006 but the results of these trials individually were unconvincing and did not influence clinical practice. The systematic reviews [3] [4] [5] [6] include pooled data from the eight trials and conclude that a combination of i.v. and i.p. administration of chemotherapy improves OS in women with optimally debulked epithelial ovarian cancer compared with i.v. administration alone. Systematic reviews, which may or may not contain a meta-analysis, summarise results of sufficiently similar studies which include similar patients and assess the same treatment in a related area. They can be a powerful tool to provide a basis for evidence-based medicine. They require a well-defined question, and robust inclusion and exclusion criteria are essential in order to avoid a wide range of biases. Critically, they depend on the availability of large-scale randomised trials which have examined the interventions of interest. Large-scale randomised trials are the gold standard when comparing new with existing treatments, but a well-conducted systematic review can 'allow for objective appraisal and resolution of uncertainty' [29] . On the basis of first of the reviews of i.p. therapy [1] , USA NCI advised that women with optimally debulked ovarian cancer should be treated with a regimen containing CP (100 mg/m 2 ) given i.p. and a taxane given i.v. only, or by an i.v. plus i.p. route. The review and recommendations are on the basis of an implicit pooling of the results with all the i.p. trials (whatever their design) considered to be equally relevant to the conclusion. A number of issues make undertaking a meta-analysis of all these trials into a single pooled estimate inappropriate. First, the majority of the trials used different drugs and/or different doses of drugs in the reference and experimental arms. Thus, the comparison of i.p. and i.v. therapy is not a straightforward comparison of route of administration of a chemotherapy regimen alone, it is confounded by two other major differences in treatment in the i.p. and i.v. arms (choice of drugs and the dose of platinum used). These differences (i.e. heterogeneity) give rise to confounding, a type of bias, which is usually eliminated in randomised trials by the process of randomisation. Secondly, and equally importantly, none of the trials used an appropriate control or reference arm, one of which would be comparable with a current standard of care. The conclusions cannot therefore be applied to current practice. In this paper, we present what we consider to be a more appropriate analysis and consequently more appropriate conclusions for the present day.
patients and methods
Recently published trials were found by carrying out searches in Medline using established search strategies [30] up to July 2007. The primary outcome measure was OS with the secondary outcome measures of PFS and summaries of toxicity data. Where possible, analyses were of all reported randomised patients.
For meta-analyses of time-to-event outcomes, the most appropriate statistic is the hazard ratio (HR). If provided in a trial report, the HR and associated variances were used directly in the meta-analysis. Alternatively, using the methods described by Parmar et al. [31] , they were estimated indirectly from other summary statistics [confidence intervals (CIs), P values, total number of events] or from data extracted from published Kaplan-Meier curves [32] . In the latter method, the numbers at risk are adjusted (reduced), where appropriate, to allow for immature follow-up. Where feasible, a number of methods were used to indirectly estimate the trial HR to check its reliability. The estimated log HR and variance were then combined across all trials using the fixed-effect model to give a pooled HR [31] . This represents the overall risk of an event on i.v. chemotherapy versus i.p. chemotherapy.
OS was estimated primarily using the fixed-effect model. Absolute differences at relevant time points were calculated by multiplying the log of the baseline event rate for patients not allocated to i.p. chemotherapy by the HR. This value was then subtracted from the baseline event rate to give a percentage improvement or detriment in the outcome. CIs for absolute differences were similarly calculated from the baseline event rate and the HR at the 99% CI boundary values. Toxicity was examined qualitatively and quantitatively summarised by estimates of proportions of patients who received all planned cycles of chemotherapy.
results
Eight randomised controlled trials (RCTs) [2, [22] [23] [24] [25] [26] [27] [28] (including 1826 patients) testing i.p. therapy were identified as eligible for inclusion in the systematic review. A summary of the eligible trials, publication dates, outcome measures and the wide range of regimens used both in reference (i.v. chemotherapy) and in experimental (i.p. chemotherapy) arms is shown in Table 1 . Of the eight RCTs, limited information in the publication did not allow inclusion of any data from two small trials [23, 28] . Data on OS could be extracted from six RCTs [2, 22, [24] [25] [26] [27] (1716 patients) representing 94% of all patients entered into the relevant RCTs. Data on PFS could be extracted from four RCTs [2, 24, 26, 27] (1052 patients) representing 58% of all patients entered into the relevant RCTs.
The regimens used in the reference arms of the trials reflect changing practice over the 20-year period that the trials were conducted. The third International Gynecologic Cancer Intergroup Ovarian Cancer Consensus Conference in 2004 [16] recommended that the control arm in international clinical trials of systemic treatment of ovarian cancer should be six cycles of combination i.v. chemotherapy with carboplatin [area under the curve (AUC) 5 to AUC 7.5] and paclitaxel (175 mg/m 2 given as a 3-h infusion) administered every 3 weeks. While all the i.p. regimens did include platinum-based chemotherapy, only two trials used regimens that would now be considered close to the internationally accepted standard of care of carboplatin and paclitaxel [2, 26] .
The experimental arms of the randomized trials vary widely with respect to the chemotherapeutic agents used and the dose of platinum and other drugs. All contained platinum-based chemotherapy; the i.p. platinum compound in seven of the trials was CP, only one trial used i.p. carboplatin. Two of the trials used i.p. platinum in combination with i.v. paclitaxel.
The rational behind considering the trials as one homogenous group is that for all or the majority of improvement associated with the experimental arm is due to therapy being given by the i.p. therapy route and not to any other component of therapy (such as an increased dose of platinum in the i.p. arm). With the aim of reducing clinical heterogeneity, we separated the trials into four groups according to similarities between the reference and experimental arms with respect to the chemotherapy drugs used, the dose of platinum and the dose of paclitaxel (Table 1) .
We also classified groups as unconfounded or confounded depending on whether more than one major component of treatment (choice of drugs and dose of platinum used) was original article Annals of Oncology changed between the reference and experimental arms. In the unconfounded trials, the only difference between the experimental and reference arms is the route of administration. In the confounded trials, it is not possible to assess which component of treatment is responsible for any difference in outcome. Figures 1 and 2 show HRs for OS ( Figure 1 ) and PFS ( Figure 2 ) with 95% (inner ticks) and 99% (outer ticks) CIs for individual i.p. trials. Trials are classified (as in Table 1) according to whether or not they are confounded and according to similarities in the reference and experimental arms with respect to the chemotherapy drugs used, the dose of platinum and the dose of paclitaxel. Information on OS is more complete and less biased in these open-label trials than information on PFS. Summary statistics for each subgroup are presented only if more than one trial is included in the group of trials.
In Figures 1 and 2 , group A (i) shows the trials with the only unconfounded comparisons, where the only change between the experimental and reference arms of the trial is the route of administration of platinum, i.p. or i.v. The combined HR for the two trials with data on OS is 0.75 (95% CI 0.60-0.92, P = 0.006). For PFS, data were only available for one trial. In both trials, the reference arm was i.v. cyclophosphamide plus CP.
The two trials in group A (ii) gave the same drugs in both reference and experimental arms but gave higher doses of platinum in the i.p. arms compared with the i.v. arms. A higher platinum dose i.p. alone seems to yield only a very modest possible improvement in OS, the combined result of these trials for OS was HR 0.87 (95% CI 0.69-1.09, P = 0.227). PFS data were only available for one trial.
In group A (iii), doses of both platinum and paclitaxel are different in the two arms with a higher dose of both platinum and paclitaxel given in the i.p. therapy arm. There is only one trial in this group, but it is the most recently reported publication and was the motivation for the NCI clinical announcement. HR for OS was 0.75 (95% CI 0.58-0.97, P = 0.028) and HR for PFS 0.80 (95% CI 0.64-1.00, P = 0.50). There are other methodological difficulties with this trial including the exclusion of more randomised patients and more patients lost to follow-up in the i.p. arm. There is also a larger improvement in PFS compared with OS which is counterintuitive and a suggestion that the estimates of median OS may be unreliable at the extremes of the Kaplan-Meier plot because there are relatively few patients at risk at this time. In addition, there are questions about feasibility and acceptability of a treatment in which 42% of patients received less than two cycles of i.p. therapy. In the two trials in group A (iv), different drugs as well as different doses of platinum were included in the reference and experimental arms. Outcome measures were only available for one of the two trials in this group.
The overall results shown in Figures 1 and 2 , across all trials using i.p. therapy (whether unconfounded or confounded) give an overall summary result of HR 0.79 (95% CI 0.69-0.90, P = 0.003) and HR 0.81 (95% CI 0.70-0.93, P < 0.001) for OS and PFS, respectively. It is not possible to interpret the meaning of the summary statistic with respect to the improvement in outcome that could be obtained with the introduction of i.p. therapy against current international standards because of the wide range of reference and experimental arms across the trials. In none of the trials did the i.p. therapy arm receive less platinum, less paclitaxel or a simpler regimen. In fact, in all but the three unconfounded trials in group A (i), patients receiving i.p. therapy received more treatment than the reference arm. The only trials which can be considered to give a reliable summary of the relative value of i.p. therapy over i.v. therapy are the three trials (of which we have data from the two largest for OS) in the unconfounded comparison. The estimate of the effect of i.p. therapy on OS (HR 0.75; 95% CI 0.60-0.92) obtained for the unconfounded trials is similar to the overall (uninterpretable) estimate, but there are other reasons why i.p. therapy can still not be considered as an appropriate standard therapy.
choice of control arm and relevance of the results of i.p. trials to current practice
The most important observation in our review is that none of the trials which consider i.p. therapy compare it against the international standard reference arm of carboplatin and paclitaxel or other widely used regimens (e.g. carboplatin alone). It is therefore not possible to say how the variety of i.p. regimens tested would compare with these regimens. Since no such direct comparison is possible, the only way to consider this issue is to make an indirect comparison with appropriate trials. To allow indirect comparison of the results of the i.p. trials with current standard treatments, we summarise the results of the two trials which compare i.v. therapy with cyclophosphamide and CP with i.v. paclitaxel and CP (Table 2 and Figures 1 and 2-group B) . The reference arms of these pivotal trials (GOG111 [11] and OV-10 The HR for OS with i.p. therapy of 0.75 would translate into an improvement in median OS of 12 months (for optimally debulked patients), but with an overall HR of 0.68 for the i.v. CP plus paclitaxel trials, a larger improvement of 16 months would be expected for similar patients.
toxicity
Summary measures of toxicity are difficult to obtain and even when reported are difficult to interpret. This is because few trials reported toxicity in detail, different scales of measurement were used and information was frequently combined by site or grade. Interpretation of comparisons across trials is difficult as toxicity is highly dependent on chemotherapy regimen and dose as well as method of administration. Consideration was therefore given to a number of approaches. The method used in the Cochrane review [3] calculated a pooled odds ratio for types of reported toxicity classified in broad common toxicity criteria categories. Pooled estimates of toxicity favoured i.v. therapy in the adverse outcomes classified as fever, fatigue, gastrointestinal, infection, metabolic and pain. No pooled effect favoured i.p. therapy. There was considerable heterogeneity as a result of the different regimens that were used. Data published with the NCI alert included a summary of proportions of patients reported with different types and grades of toxicity. Much of the reported toxicity for i.v. therapy is haematological which is easily managed and has a limited impact on quality of life. Interestingly in the one trial where a high proportion of patients in the i.v. therapy reported abdominal symptoms, closer examination of the trial report revealed that 80% of 
OS, PFS
Cis, cisplatin; Cyclo, cyclophosphamide; OS, overall survival; PFS, progression-free survival. Proportion of patients completed all cycles Reference arm (Cis/Cyclo) Reference arm (Cis/paclitaxel) GOG111 [11] 78% 87% OV10 [13] 79% 85% NR, not reported; GONO, Gruppo Oncologico Nord-Ovest; Cis, cisplatin; Cyclo, cyclophosphamide.
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patients in the i.v. group had an i.p. catheter placed for peritoneal fluid sampling.
Compliance with planned chemotherapy can be regarded as a composite measure of toxicity and efficacy as trial treatment is stopped if patients are failing therapy which can be due to either a toxicity or disease progression or a combination of the two. This outcome measure was reported consistently for the majority of trials and is therefore the approach we used. The proportion of patients receiving all cycles of planned chemotherapy is summarised in Table 3 . Overall, compliance and deliverability of i.p. regimens are generally worse than i.v. reference regimens in the i.p. trials and worse than i.v. CP and paclitaxel (85%) in the taxane trials.
For the i.p. trials, data were available for two of the three unconfounded trials [group A (i)]. In one trial, the same proportion of patients in both arms completed all cycles (58%) and in the other a higher proportion of patients allocated to i.v. received all cycles (96%) than those allocated to i.p. (64%). In the confounded trials which gave the same chemotherapy drugs but different dose of platinum [group A (ii)], higher proportions of patients in both trials allocated to i.v. chemotherapy received all six cycles.
In the confounded trial where different doses of platinum and paclitaxel were given [group A (iii)], only 42% of patients completed all cycles of the i.p. regimen compared with 83% of patients assigned to i.v. This was the only trial where patient-assessed outcomes were measured. Quality of life measured by Functional Assessment of Cancer TherapyOvarian module (adjusted for baseline imbalances) was worse in patients receiving i.p. therapy before cycle 4 and 3-6 weeks after completion of treatment although at 12 months after the sixth cycle, no significant difference was detected. Toxicity was only reported in one of the trials in group A (iv), the trials where very different regimens were given. Gastrointestinal toxicity was very high in both groups but 78% of patients in the i.v. group assigned to i.v. therapy had peritoneal catheters in situ which were used for peritoneal cytology sampling and two of these patients developed peritoneal-vaginal fistulas.
relative toxicity of i.p. therapy and i.v. carboplatin and paclitaxel
No trials compare i.p. therapy with the current standard of i.v. carboplatin and paclitaxel. Indirect comparisons from Table 2 , however, show that overall, giving some drugs via the i.p. route (platinum alone or platinum plus paclitaxel), therapy is more toxic and less deliverable than therapy with i.v. platinum and paclitaxel. Catheters cause abdominal pain, nausea and vomiting and there is an increased risk of infection and fever [26] . Intraperitoneal paclitaxel has been associated with increased haematological, metabolic and neurological toxicity [2] .
conclusions
The reviews of i.p. therapy and the recommendations that they have generated have major implications for the practical management for a large proportion of women with ovarian cancer who are having to make treatment decisions on the basis of incomplete data. They also have important implications for the design of the next generation of clinical trials which will set the standard treatments for the future. Before addressing the challenge of incorporating the newer angiogenesis inhibitors, with potential problems of wound healing and bowel perforations, into regimens which include i.p. therapy, it is very important that we know that i.p. regimens are genuinely better than standard i.v. therapy. The reviews that have been carried out have indicated that i.p. therapy should be considered as part of the standard approach to treating optimally debulked International Federation of Gynecology and Obstetrics (FIGO) stage III ovarian cancer and the NCI recommendation is that 'after primary surgery, women with optimally debulked FIGO stage III ovarian cancer should be counselled about the clinical benefit associated with combined IV and IP administration of chemotherapy'. The recommendations are included on the NCI's Web site with a designation of 1iiA for the level of evidence [33] . This level of evidence is designated for randomised (level 1), unblinded (ii) trials with mortality as an end point (A). The designation does not take into account deficiencies in both the control and the experimental arms of the i.p. trials. A closer and more critical and appropriate consideration of the data, however, shows that the apparently 'clear' body of evidence in favour of i.p. therapy is not as strong as indicated. Compared with current standard of care, the benefits of i.p. therapy may have been overestimated. We believe that it is impossible at this stage to give women accurate information on the risks and benefits of i.p. therapy compared with the modern standard of care. The clinical heterogeneity of the regimens in the trials has led the NCI to recommend as standard practice i.p. CP (100 mg/m 2 ) and a taxane (whether given by an i.v. only or i.v. and i.p.). It is not clear whether giving a taxane i.v. only or a taxane i.v. and i.p. is equivalent in terms of toxicity and efficacy, or how the choice should be made for individual patients. The regimen in the i.p. arm of GOG172 [2] included i.p. CP and i.v. and i.p. paclitaxel. The only other trial which included i.p. CP and i.v. paclitaxel also included two cycles of high-dose i.v. carboplatin in the experimental arm. Thus, it is not clear what the standard i.p. regimen should be. Any i.p. CP/paclitaxel regimen that deviates from that used in GOG172 cannot be said to have been assessed in any trial. The NCI recommendation is a direct consequence of the lack of clarity in the design of the individual trials and the inappropriate presentation and interpretation of systematic reviews. No new treatment would be approved by regulatory authorities or should be adopted as standard clinical practice on the basis of this evidence. Allied to this, i.p. regimens are considerably more toxic than the current standard of care and indirect comparisons strongly indicate that they may actually be less effective than a current standard of care of i.v. platinum and paclitaxel. Others have attempted to use indirect approaches to assess the benefit of the i.p. regimen used in GOG172 and concluded that if the i.v. therapy reference arm in GOG172 had been treated with i.v. carboplatin and paclitaxel instead of i.v. CP and paclitaxel, the difference in OS may have been considerably reduced (8.2 months, instead of 15.9 months) [34] .
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Consequently, we do not believe that i.p. therapy should form part of the routine care of women with ovarian cancer. Until problems with drug-related toxicity and catheter complications are resolved, even proposals for further randomised trials of i.p. therapy against modern standard of care could be considered as speculative. The choice of treatment of women with newly diagnosed, optimally debulked, ovarian cancer, where therapy has the best chance influencing OS, is too important to be left with these uncertainties. 
